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Failure to Demonstrate the Interaction of Subunits of Thymidine Kinase in Cells Simultaneously Infected with Herpes
Virus and a Kinaseless Mutant (Accepted I2 August I97O ) Herpes viruses stimulate the activity of thymidine kinase (E.C.2.7-I. 2I) in a number of cell types (Kit & Dubbs, t969 ) and a mutant virus which fails to produce the enzyme has been isolated (Dubbs & Kit, i964) . Simultaneous infection of cells with wild-type and mutant virus results in the inhibition of thymidine kinase activity (Munyon & Kit, 1965) . A possible explanation of this inhibition is that thymidine kinase is composed of subunits and the mutant virus synthesizes an inactive subunit which competes with the active units (Kit & Dubbs, I969; McAuslan, I969) . The postulated inactive subunit may be antigenically similar to or different from the active enzyme subunit. We have examined this possibility immunologically. (Dubbs & Kit, I964) were grown in BHK2I cells or RKI3 cells (Watson et al. I966) . Antisera to RK ~3 cells infected with each virus were produced by the method of Watson 0969). Infectivity neutralization tests were carried out as described by Watson & Wildy (1969) and thymidine kinase was produced and assayed by the procedures of Klemperer et al. (I967) and Buchan & Watson (i969) .
'Serum blocking' tests were carried out by reacting ~ ml. of antiserum with Io 9 infected BHK2I cells disrupted by ultrasonic vibration. The mixture was incubated overnight at 4 °, centrifuged at 3o,ooo g for 45 min. and the supernatant fluid concentrated to ~ ml. by pressure dialysis.
We have confirmed the finding of Munyon & Kit (1965) that simultaneous infection of cells with wild-type and mutant viruses resulted in decreased thymidine kinase activity relative to the activity in cells infected with the parent virus alone (Table I) .
The results in Fig. I a show that antiserum to wild-type virus-infected cells reacts with an antigen which is present in cells infected with wild-type virus, but which is absent from cells infected with the mutant virus. Therefore, if the antigen present only in wild-type virus-infected cells is related to thymidine kinase, the inhibition of enzyme activity on mixed infection cannot be due to competition between active and inactive subunits which are immunologically identical.
' S e r u m blocking' tests demonstrate that the line obtained in agar gel diffusion tests (Fig. I a) is probably associated with thymidine kinase. Antiserum to cells infected with 
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wild-type virus was 'blocked' with cells infected with either wild-type virus or mutant virus and the 'blocked serum' tested for neutralization of both enzyme activity and infectivity and in agar gel diffusion tests. The results in Table 2 show that the neutralizing activity against both thymidine kinase activity and virus infectivity was considerably reduced in serum 'blocked' with extracts of cells infected with wild-type virus. Fig. I b shows further that no gel diffusion lines were produced. The same antiserum 'blocked' with cells infected with mutant virus had a negligible effect on virus infectivity but inhibited enzyme activity almost completely and produced a single gel diffusion line (Fig. I b) . Serum Pre-immune Antiserum? Antiserum 'blocked' with wild-type virus-infected cell extracts? Antiserum 'blocked' with mutant virus-infected cell extracts? * Virus (5 x lO 4 p.f.u./ml.) was mixed with an equal volume of serum and incubated for 60 min. at room temperature. The sample was diluted and assayed for residual infectivity in four Petri dishes.
? Dilution expressed as final dilution of antiserum in virus-serum or enzyme-serum mixtures. Antiserum was prepared against cells infected with wild-type virus. All sera were heated at 56 ° for 3o min.
$ Limits shown represent standard errors of mean. § Enzyme neutralization tests were carried out as described by Klemperer et al. (1967) . Equal volumes of enzyme preparation and serum were incubated at 4 ° overnight and residual enzyme activity determined.
Tests were carried out to demonstrate that the mutant virus probably does not produce an antigenicaUy different protein which acts as a non-functional enzyme subunit. Extracts of cells infected with either wild-type or mutant virus gave identical precipitin patterns using antiserum to cells infected with mutant-virus, and Fig. i c shows that antisera prepared against cells infected with either mutant or wild-type virus reacted identically with extracts of mutant virus-infected cells. Further, antiserum to cells infected with mutant virus which had been 'blocked' with extracts of cells infected with wild-type virus failed to produce any precipitin lines when tested against extracts of mutant virus-infected cells.
We have been unable to demonstrate either serologically cross-reacting material or a different virus antigen in cells infected with a mutant of herpes virus, and conclude that it is unlikely that the inhibition of the thymidine kinase production in cells infected simultaneously with wild-type and mutant viruses can be explained by the interaction of functional and non-functional subunits. The mutant also inhibits host cell thymidine kinase activity,
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and it may be that the mechanism of inhibition of enzyme activity by the mutant in uninfected cells and in cells infected with herpes virus occurs by competition for an essential cellular component (e.g. ribosomes), as suggested by Munyon & Kit (I965). It has not been determined whether a cell simultaneously infected with both wild-type and mutant viruses contains two active genomes or whether the presence of the mutant virus precludes the wild-type virus from coding for new antigens. The diminished enzyme activity in the latter case could then result from a reduction in the number of cells containing a functional wildtype virus particle.
Further, it seems that mutant viruses may provide a valuable means of producing antisera specific for individual virus antigens. 
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